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Description 

[0001 1 The present Invention relates to a laser micro- 
scope for use partlculariy in biological, medical, and oth- 
er applications, which irradiates a sample with a laser 
light constituted of a plurality of emission wavelengths 
through an objective lens and detects fluorescent light 
from the sample. 

[0002] There is a laser microscope for use In biologi- 
cal, medical, and other applications. In the laser micro- 
scope, for example, it is requested to observe a live cell 
or tissue over a long time as it Is. 
[0003] For example, there is an observation of a 
change of a concentration of calcium in the cell or the 
tissue. A method of the observation comprises: dyeing 
a sample with a fluorescent indicator which emits a flu- 
orescent light in accordance with the calcium concen- 
tration; irradiating the sample with a laser light (excita- 
tion light) of a wavelength suitable for the fluorescent 
indicator; and detecting the fluorescent light from the 
sample. 

[0004] in this case, the change of asignal (fluorescent 
tight) from the cell or the tissue is generally remarl<ably 
small. Therefore, an intensity of the laser light with which 
the sample is irradiated is required to be stable at a high 
precision over a long time. 

[0005] Some causes for which the intensity of the la- 
ser light for the irradiation of the sample is not stable are 
considered. There is a method of controlling the inten- 
sity of the laser light, comprising: monitoring the Inten- 
sity of an emitted laser light; feeding the laser light in- 
tensity back to a controller; and controlling the laser light 
intensity. However, such feedback is not perfomried in a 
general helium neon laser. Therefore, an output power 
of the helium neon laser fluctuates with a change of en- 
vironmental temperature, and the like. 
[0006] Moreover, there is a multi-wavelength oscilla- 
tion. For example, argon lasers oscillate with the laser 
light of wavelengths of 488 nm, 51 4.5 nm. Some of the 
argon lasers monitor and feedback-control the intensity 
of the emitted laser light. 

[0007] However, the argon laser monitors a general 
output of the argon laser light of the wavelengths of 488 
nm, 514.5 nm. The outputs of respective lines of these 
wavelengths compete among emission modes (wave- 
lengths of 488 nm, 514.5 nm), and thereby each emis- 
sion wavelength fluctuates. Furthermore, by consump- 
tion of an argon gas, an intensity ratio of the emission 
outputs of the argon laser light (intensity ratio of the 
wavelengths of 488 nm, 514.5 nm) changes with a use 
time. 

[0008] On the other hand, there is a laser microscope 
for introducing the laser light into an optical fiber and 
guiding the laser light into a laser microscope main body 
by the optical fiber. In the laser microscope, the intensity 
of the laser light with which the sample is irradiated fluc- 
tuates by an output fluctuation by the optical fiber during 
undergoing of the change of environmental tempera- 



ture, and a fluctuation of a light introduction efficiency 
by themial deformation of a constituting element. 
[0009] The intensity of the laser light fluctuates by the 
aforementioned causes, although the signal (fluores- 
5 cent light) from the sample does not actually change. In 
this case, an erroneous result is possibly caused as if 
there were the change of the signal. 
[0010] A technique for stabilizing the Intensity of the 
laser light with which the sample is irradiated is dis- 
10 closed, for example. In Jpn. Pat. Appln. KOKAI Publica- 
tion Nos. 11-231222 and 2000-206415. In the Jpn. Pat. 
Appln. KOKAI Publication No. 11-231222, after the laser 
lights of a plurality of wavelengths are combined, some 
of the laser lights are split by a beam splitter. Subse- 
15 quentiy. a changeable filter selects the wavelength, and 
an optical detector (first detection element) receives the 
laser light of the selected wavelength, and detects the 
intensity of the laser light of the wavelength. Moreover, 
a laser output or a laser intensity is controlled based on 
20 a detection signal of the laser light intensity. It is de- 
scribed that the laser intensity Is controlled, for example, 
by an acousto-optical element (e.g., AOTF) disposed 
between the laser and the optical fiber. 
[0011] The Jpn. Pat. Appln. KOKAI Publication No. 
25 2000-206415 discloses a method comprising: control- 
ling an operation in combination with a linear filter ring 
driven by a control unit, an area selection filter ring, or 
a filter slider; detecting an output of a selected laser line; 
driving the AOTF based on the detection signal; and sta- 
bilizing the output of the selected laser line, in order to 
constantly monitor laser radiation connected to a scan- 
ning module. 

[0012] In recent years, in order to further pursue a 
function of the cell or the tissue, it has strongly been 
requested to simultaneously detect two or more types 
of samples (fluorescent light) from the sample, and an- 
alyze the function. For example, for fluorescent proteins 
of different wavelengths, such as a green fluorescent 
protein (GFP: a protein emitting a green fluorescent 
light) and a red fluorescent protein (RFP: a protein emit- 
ting a red fluorescent light), a gene is developed in the 
cell, and observed with time. 

[0013] In this case, the laser light with which the sam- 
ple ts to be irradiated needs to have a wavelength opti- 
mum for these fluorescent proteins GFP, RFP. Addition- 
ally, both the laser lights of the two wavelengths need 
to have the light intensities stabilized. 
[0014] However, in the techniques described in the 
two publications, only the Intensity of the laser light of 
one wavelength is stabilized, and the laser lights of two 
or more wavelengths cannot simultaneously be control- 
led so as to stabilize the intensities of the laser lights. 
JP 11 271 636 discloses a laser microscope, irradiating 
a sample with a laser light constituted of a plurality of 
emission wavelengths through an objective lens, and 
detecting fluorescent light from the sample. 
[0015] To solve the problem, an object of the present 
invention is to provide a laser microscope capable of si- 
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multaneously and steadily controlling an intensity of a 
laser light constituted of a plurality of wavelengths with 
which a sample is to be irradiated for each wavelength. 
[0016] According to the present Invention, there Is 
provided a laser microscope, which irradiate a sample 
with a laser light constituted of a plurality of emission 
wavelengths through an objective lens, and detecting a 
fluorescent light from the sample, the laser microscope 
comprising: a spectral resolution section configured to 
spectrally resolve the laser light; a light receiving ele- 
ment array configured to receive the laser lights spec- 
trally resolved by the spectral resolution section; and a 
controller configured to receive an output signal of the 
light receiving element array and controlling the laser 
light for each emission wavelength. 
[0017] As described above in detail, according to the 
present Invention, there can be provided the laser mi- 
croscope capable of simultaneously and steadily con- 
trolling an intensity of the laser light constituted of a plu- 
rality of wavelengths with which the sample is to be ir- 
radiated for each wavelength. 

[0018] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0019] The invention can be more fully understood 
from the following detailed description when tal<en in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a constitution diagram showing a first em- 
bodiment of a scanning type laser microscope ac- 
cording to the present invention; 
FIG. 2 is a constitution diagram showing a second 
embodiment of the scanning type laser microscope 
according to the present Invention; and 
FIG. 3 Is a constitution diagram in a block in the sec- 
ond embodiment of the scanning type laser micro- 
scope according to the present Invention. 

[0020] A first embodiment of the present invention will 
be described hereinafter with reference to the drawings. 
[0021 ] FIG. 1 is a constitution diagram of a laser scan- 
ning microscope. An argon laser 2 is fixed on a base 1 . 
The argon laser 2 emits a laser light of two wavelengths 
of ^1 = 488 nm and X2 = 514.5 nm. 
[0022] A scanning unit 3 is disposed on an optical path 
of the laser light emitted from the argon laser 2. The 
scanning unit 3 constitutes a part of a laser microscope 
main body 4. The scanning unit 3 is a unit which scans 
the laser light on a sample S. Therefore, in this scanning 
unit 3, a beam splitter 5 Is disposed on the optical path 
of the laser light, and an X-Y scanner 6 is disposed on 
a reflection optical path of the beam splitter 5. 
[0023] The X-Y scanner 6 scans the laser light in an 
X direction set in the laser microscope, and a Y direction 
crossing at right angles to the X direction. 
[0024] The sample S is a cell In which, for example, 
a GFP and a yellow fluorescent protein (YFP) are sub- 



jected to gene development. 

[0025] Moreover, a dichroic mirror 8 and mirror 9 are 
disposed in series via a mirror 7 on a transmission op- 
tical path (optical path of a direction in which the light Is 
5 incident upon the beam splitter 5 from the X-Y scanner 
6) of the beam splitter 5. 

[0026] The dichroic min^or 8 splits a fluorescent light 
of two wavelengths XV, X2' emitted when the sample S 
is irradiated with the laser light of two wavelengths of 
10 488 nm and 51 4.5 nm. That is, the dichroic mirror 8 has 
a function for reflecting the fluorescent light of one wave- 
length XV and transmitting the fluorescent light of the 
other wavelength X2'. 

[0027] A confocal lens 10a, confocal pinhole 11a. 
IS band pass filter 12a and optical detector 13a are dis- 
posed on the reflection optical path of the dichroic mirror 
8. 

[0028] A confocal lens 10b, confocal pinhole 11b, 
band pass filter 12b and optical detector 13b are dis- 
20 posed on the reflection optical path of the mirror 9 which 
is on the transmission optical path of the dichroic mirror 
8. 

[0029] A mirror 15 and prism for observation 16 are 
disposed on a laser optical path scanned by the X-Y 
25 scanner 6 via a pupil projection lens 14. Either one of 
the mirror 15 and prism for observation 16 is disposed 
on the optical path by a switching apparatus 17. An ob- 
jective lens 1 9 Is disposed on the reflection optical path 
of the mirror 15 via a tube lens 18. Additionally, when 
the prism for observation 16 is disposed in the optical 
path, the sample S can visually be observed through an 
eyepiece lens 20. 

[0030] A beam splitter 21 is disposed In the scanning 
unit 3. The beam splitter 21 Is disposed on the optical 
path of the laser light extending to the beam splitter 5 
from an AOTF 25. The beam splitter 21 extracts a part 
of the laser light of two wavelengths of XI = 488 nm and 
X2 = 514.5 nm. A prism 22 is disposed on the optical 
path of the extracted laser light. 
[0031] This prism 22 spectrally resolves the laser light 
of two wavelengths XI = 488 nm and X2 = 514.5 nm. 
That is, the prism 22 splits the laser light Into two laser 
lights of wavelengths XI = 488 nm and X2 = 514.5 nm. 
[0032] A two-split photodiode 23 is disposed in a 
spectrum emission direction of the prism 22. The two- 
split photodiode 23 has a function of a light receiving 
element array for receiving the laser lights spectrally re- 
solved by the prism 22. A split surface of the two-spilt 
photodiode 23 is disposed In the same direction as a 
direction in which spectrum Is resolved. 
[0033] A controller 24 inputs a detection signal out- 
putted from the two-split photodiode 23, and outputs a 
control signal for controlling (wavelength selection con- 
trol, amplitude control) the AOTF 25 fixed to an output 
end of the argon laser 2 based on the detection signal 
so that respective iight intensities of both lines of wave- 
lengths XI = 488 nm and X2 = 514.5 nm become con- 
stant. 
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[0034] The AOTF 25 is fixed to the output end of the 
argon laser 2. The AOTF 25 receives the control signal 
outputted from the controller 24, selects the wavelength 

fronri two emission wavelengths X1 = 488 nm and X2 = 
514.5 nm, and continuously controls an emission out- 
put. 

[0035] An operation of the scanning type laser micro- 
scope constituted as described above will next be de- 
scribed. 

[0036] The laser light of two wavelengths X1 = 488 nm 
and X2 = 514.5 nm is emitted/outputted from the argon 
laser 2. The laser light Is transmitted through the AOTF 
25, and incident upon the beam splitter 21 . A part of the 
laser light is extracted, and incident upon the prism 22. 
[0037] The prism 22 spectrally resolves the laser light 
into the laser lights of two wavelengths X^ = 488 nm and 
X2 = 514.5 nm. Each one of the spectrally resolved laser 
lights of two wavelengths is incident upon each split sur- 
face of the two-split photodlode 23 as the laser light of 
each line. 

[0038] The two-split photodlode 23 receives each one 
of the laser lights spectrally resolved by the prism 22 via 
each split surface and outputs each detection signal. 
[0039] In this case, when there are output fluctuations 
in the lines of laser lights of two wavelengths X^ = 488 
nm and = 51 4.5 nm emitted/outputted from the argon 
laser 2, the fluctuations of the light intensities of these 
lines are detected by the two-split photodlode 23. 
[0040] The controller 24 inputs each detection signal 
outputted from the two-split photodlode 23, and outputs 
the control signal to the AOTF 25 based on the detection 
signal so thatthe respective light Intensities of both lines 
of the wavelengths X1 = 488 nm and X2 = 51 4.5 nm be- 
come constant. 

[0041] The AOTF 25 receives the control signal out- 
putted from the controller 24, selects the wavelength 
from two emission wavelengths X\ = 488 nm and X2 = 
514.5 nm, and continuously controls the emission out- 
put. 

[0042] As a result, the respective light Intensities of 
both lines of the wavelengths X1 = 488 nm and A2 = 
514.5 nm become constant. 

[0043] Additionally, in the observation of the sample 
S of the cell in which the GFP and YFP are subjected to 
gene development, the light intensities of both lines of 
wavelengths XI - 488 nm and A2 = 514.5 nm are con- 
trolled to be constant at different wavelength values, re- 
spectively. 

[0044] The laser light, controlled so that the respec- 
tive light intensities of both lines of wavelengths Xl = 
488 nm and A2 = 51 4.5 nm become constant, is reflected 
by the beam splitter 5 and scanned In an X-Y direction 
by the X-Y scanner 6. 

[0045] The scanned laser light is transmitted through 
the pupil projection lens 14, reflected by the mirror 15, 
transmitted through the tube lens 18, forms a spot by 
the objective lens 19, and Is scanned on the sample S. 
[0046] Respective fluorescent lights of wavelengths 
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X1 ' and X2' emitted from the sample S return in a direc- 
tion opposite to a direction of the optical path of the laser 
light with which the sample S is irradiated. That is, each 
fluorescent light is passed through the tube lens 1 8, mir- 
5 ror 1 5, pupil projection lens 1 4, and X-Y scanner 6 from 
the objective lens 19, further transmitted through the 
beam splitter 5, reflected by the mirror 7, and Incident 
upon the dichroic mirror 8. 

[0047] In the fluorescent light of two wavelengths XI 
10 X2', the dichroic mirror 8 reflects one fluorescent light of 
wavelength XI' and transmits the other fluorescent light 
of wavelength X2'. The fluorescent light of the wave- 
length XI ' reflected by the dichroic mirror 8 is passed 
through the confocal lens 1 Da, confocal pinhole 1 1 a, and 
15 band pass filter 1 2a and Incident upon the optical detec- 
tor 13a. 

[0048] Additionally, the fluorescent light of the wave- 
length X2* transmitted through the dichroic min'or 8 Is 
passed through the confocal lens 10b, confocal pinhole 
20 lib, and band pass filter 1 2b and Incident upon the op- 
tical detector 13b. 

[0049] These optical detectors 13a. 13b output re- 
spective fluorescent intensity signals. Therefore, when 
these fluorescent intensity signals are accumulated in 
25 synchronization with a drive signal of the X-Y scanner 
6, images of respective fluorescent lights of two wave- 
lengths XI', X2' are formed. 

[0050] As described above, in the first embodiment, 
the beam splitter 21 extracts a part of the laser light of 
two wavelengths XI = 488 nm and X2 = 514.5 nm, the 
prism 22 spectrally resolves the laser light of two wave- 
lengths XI = 488 nm and X2 = 514.5 nm, and the two- 
split photodlode 23 detects the Intensities of two lines 
spectrally resolved in this manner. Moreover, the con- 
troller 24 controls the AOTF 25 fixed to the output end 
of the argon laser 2 based on the detection signal out- 
putted from the two-split photodlode 23 so that the re- 
spective light Intensities of both lines of wavelengths X1 
= 488 nm and X2 = 514.5 nm become constant. 
[0051] Thereby, the light intensities of both lines of 
wavelengths XI = 488 nm and X2 = 514.5 nm can simul- 
taneously and steadily be controlled to be constant. 
Therefore, for example, the cell in which the GFP and 
YFP are subjected to the gene development can be ob- 
served as the sample S over a long time with a high re- 
liability. Furthermore, since the two-split photodlode 23 
is used, the laser microscope can inexpensively be con- 
stituted. 

[0052] A second embodiment of the present invention 
will next be described with reference to the drawings. 
Additionally, the same part as that of FIG. 1 is denoted 
with the same reference numeral, and detailed descrip- 
tion thereof is omitted. 

[0053] FIG. 2 is a constitution diagram of the laser 
scanning microscope. An argon laser 31 , helium neon 
laser 32, and helium neon laser 33 are disposed in a 
base 30. 

[0054] The argon laser 31 mainly emits/outputs a la- 
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ser light of three wavelengths X1 = 488 nm, = 514.5 
nm, X3 = 457.9 nm. 

[0055] The helium neon laser 32 emits/outputs the la- 
ser light of a wavelength X4 = 543 nm. 
[0056] The helium neon laser 33 emits/outputs the la- 
ser light of a wavelength X5 = 633 nm. 
[0057] For these lasers, a dichroic min^or 34 is dis- 
posed on an emission optical path of the argon laser 31 , 
a dichroic mirror 35 is disposed on the emission optical 
path of the helium neon laser 32, and a min-or 36 is dis- 
posed on the emission optical path of the helium neon 
laser 33. 

[0058] Therefore, the respective laser lights emitted/ 
outputted from these lasers 31 , 32, 33 are combined into 
one laser light by the dichroic mirrors 34, 35 and mirror 
36. 

[0059] Moreover, the AOTF 25 Is fixed to the emission 
end of one laser light in the base 30. The AOTF 25 se- 
lects an arbitrary combination of wavelengths with re- 
spect to five emission wavelengths XI = 488 nm. X2 = 
514.5 nm, X3 = 457.9 nm, lA = 543 nm, X5 = 633 nm, 
and continuously controls the emission output by the 
control of the controller 24. 

[0060] A fiber coupler 39 Is fixed to the emission end 
of the AOTF 25. One end of an optical fiber 38 is fixed 
to the fiber coupler 39, and a converging lens 37 is dis- 
posed inside the coupler. One optical fiber end 38a of 
the optical fiber 38 is positioned in a converging position 
of the converging lens 37 In the fiber coupler 39. 
[0061] On the other hand, one block 40 for resolving 
and monitoring the spectrum is detachably attached to 
the scanning unit 3 constituting the laser microscope 
main body 4. FIG. 3 is an enlarged constitution diagram 
of the block 40. 

[0062] Other optical fiber end 38b of the optical fiber 
38 Is Inserted/fixed Into the block 40. A beam splitter 42 
is disposed via a collimator lens 41 on the optical path 
of the laser light emitted from the optical fiber end 38b. 
The beam splitter 42 extracts a part of the laser light 
collimated by the collimator lens 41 . 
[0063] A prism 43 is disposed on the optical path of 
the laser light extracted by the beam splitter 42. 
[0064] The prism 43 spectrally resolves the laser light 
emitted from the optical fiber end 38b into the laser lights 
of five wavelengths A,1 = 488 nm, A2 = 514.5 nm, A3 = 
457.9 nm, X4 = 543 nm, %B = 633 nm. 
[0065] A one-dimensional CCD 45 is disposed via a 
converging lens 44 In a spectrum emission direction of 
the prism 43. The one-dimensional CCD 45 receives the 
laser lights spectrally resolved by the prism 43, and out- 
puts each detection signal for each wavelength. 
[0066] Concretely, the one-dimensional CCD 45 has 
five divided block surfaces corresponding to the respec- 
tive lines of the wavelengths X^ - 468 nm, A2 = 514.5 
nm, A3 = 457.9 nm, A4 = 543 nm, A5 = 633 nm, and 
outputs each detection signal via each block surface. 
[0067] Additionally, the detection signals indicate a 
sum of output signals of the respective elements for the 



respective block surfaces. 

[0068] The controller 24 inputs the respective detec- 
tion signals outputted from the one-dimensional CCD 
45, and outputs the control signal to the AOTF 25 based 
5 on the detection signals so that the respective light in- 
tensities of the respective lines of the wavelengths A.1 = 
488 nm, A2 = 514.5 nm, A3 = 457.9 nm, A4 = 543 nm, 
A5 - 633 nm become constant. 

[0069] Additionally, dichroic mirrors 8a, 8b, 8c, confo- 
^0 cal lenses 10a, 10b, 10c, 10d, confocal pinholes 11a, 
11b. 11c, lid. band pass filters 12a, 12b, 12c. 12d. op- 
tical detectors 13a, 13b, 13c, 13d, and mirror 9 are dis- 
posed in the scanning unit 3, so that the sample S 
marked with four types of fluorescent lights at maximum 
7^ can simultaneously be observed. 

[0070] The operation of the laser scanning micro- 
scope constituted as described above will next be de- 
scribed. 

[0071] The argon laser 31 emits/outputs the laser light 
20 of three wavelengths XI = 488 nm, A2 = 51 4.5 nm, A3 - 
457.9 nm. The helium neon laser 32 emits/outputs the 
laser light of wavelength A4 = 543 nm. The helium neon 
laser 33 emits/outputs the laser light of wavelength X5 
= 633 nm. 

25 [0072] These laser lights are combined into one laser 
light by the dichroic mirrors 34, 35 and mirror 36. 
[0073] The AOTF 25 selects the arbitrary combination 
of wavelengths from the combined laser light. 
[0074] The laser light having the wavelength selected 

30 by the AOTF 25 Is converged by the converging lens 37 
and Incident upon the one optical fiber end 38a of the 
optical fiber 38. 

[0075] The laser light is propagated through the opti- 
cal fiber 38 and emitted from the other optical fiber end 

35 38b inserted into the block 40. 

[0076] The laser light emitted from the optical fiber 
end 38b Is collimated by the collimator iens 41, and a 
part of the laser light is extracted by the beam splitter 
42 and incident upon the prism 43. 

40 [0077] The prism 43 spectrally resolves the laser light 
emitted from the optical fiber end 38b into the laser lights 
of five wavelengths X1 = 488 nm, A2 - 514.5 nm, A3 = 
457.9 nm, A4 = 543 nm, A5 = 633 nm. 
[0078] The laser lights of respective lines of wave- 

« lengths A.1 = 488 nm, A2 = 514.5 nm, A3 = 457.9 nm, A4 
= 543 nm, AS = 633 nm spectrally resolved in this man- 
ner are incident upon five block surfaces of the one-di- 
mensional CCD 45. 

[0079] The one-dlmensional CCD 45 receives the la- 
50 ser lights spectrally resolved by the prism 43, and out- 
puts each detection signal via each block surface. 
[0080] In this case, when there is the output fluctua- 
tion In the laser light of the wavelength oscillated in the 
arbitrary combination of the respective lines of wave- 
55 lengths XI = 488 nm, X2 = 514.5 nm, X3 = 457.9 nm, A4 
= 543 nm, X5 = 633 nm, the one-dimensional CCD 45 
detects the fluctuations of the light intensities of these 
lines and outputs the detection signals. 
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[0081] The controller 24 Inputs the respective detec- 
tion signals outputted from the one-dimensional CCD 
45, and outputs the control signal to the AOTF 25 based 
on the detection signals so that the respective light in- 
tensities of respective lines of wavelengths X^ = 488 nm, 
XZ = 514.5 nm, X3 = 457.9 nm, X4 = 543 nm. X5 = 633 
nm become constant. 

[0082] The AOTF 25 receives the control signal out- 
putted from the controller 24, selects the wavelength 
with respect to five emission wavelengths XI = 488 nm, 
X2 = 514.5 nm, A3 = 457.9 nm, X4 = 543 nm, X5 = 633 
nm, and continuously controls the emission output. 
[0083] As a result, the respective light intensities of 
lines of wavelengths X.1 = 488 nm, X2 = 514.5 nm, X3 = 
457.9 nm, X4 = 543 nm, X5 = 633 nm become constant. 
[0084] The laser light, controlled so that the respec- 
tive light intensities of ilnes of wavelengths become con- 
stant, is reflected by the beam splitter 5 and scanned in 
the X-Y direction by the X-Y scanner 6. 
[0085] The scanned laser light is transmitted through 
the pupil projection lens 14, reflected by the mirror 15, 
transmitted through the image forming lens 1 8, fomris 
the spot by the objective lens 1 9, and is scanned on the 
sample S. 

[0086] Each fluorescent light emitted from the sample 
S returns In the direction opposite to the direction of the 
optical path of the laser light with which the sample S is 
irradiated. That Is, each fluorescent light is passed 
through the tube lens 1 8, mirror 15, pupil projection lens 
1 4, and X-Y scanner 6 from the objective lens 1 9, further 
transmitted through the beam splitter 5, reflected by the 
mirror 7, and incident upon the dichroic mirror 8a. 
[0087] Then, by each of the dichroic mirrors 8a to 8c, 
the fluorescent lights of respective wavelengths are di- 
vided and are incident upon each of the optical detectors 
13a, 13b, 13c, 13d. Then, these optical detectors 13a, 
13b, 13c, 13d output respective fluorescent Intensity 
signals. Thus, when these fluorescent intensity signals 
are accumulated in synchronization with the drive signal 
of the X-Y scanner 6, the respective fluorescent images 
of the sample S marlced with four types of fluorescent 
lights at maximum are formed. 

[0088] As described above, in the second embodi- 
ment, the beam splitter 42 extracts a part of the laser 
light of the arbitrary combination of wavelengths select- 
ed from the laser light of five wavelengths XI = 488 nm, 
X2 = 514.5 nm, X3 = 457.9 nm, X4 = 543 nm, X5 = 633 
nm, the prism 43 spectrally resolves the laser light of 
these wavelengths, and the one-dimensional CCD 45 
detects the respective Intensities of the lines spectrally 
resolved in this manner. Moreover, the controller 24 con- 
trols the AOTF 25 based on the respective detection sig- 
nals outputted from the one-dimensional CCD 45 so that 
the respective light intensities of the lines become con- 
stant. 

[0089] Therefore, the light intensities of five lines of 
wavelengths XI = 488 nm, X2 = 514.5 nm, A3 = 457.9 
nm, A4 = 543 nm, 7JS = 633 nm can simultaneously and 



steadily be controlled to be constant. 
[0090] As a result, the gene developed cell of the sam- 
ple S can be observed for a long time with a high relia- 
bility. 

5 [0091] Moreover, the one-dimensional CCD 45 is 
used, so that the respective Intensities of laser lines of 
a plurality of wavelengths can be controlled to be con- 
stant, and a design with a high degree of freedom is pos- 
sible. 

10 [0092] Furthermore, the collimator lens 41, beam 
splitter 42, prism 43, converging lens 44 and one-dimen- 
sional CCD 45 are constituted as one block 40. For ex- 
ample, there Is another laser scanning microscope in 
which the scanning unit 3 is connected to the inverted 
type microscope main body. In this case, when erected 
and inverted types are to be selectively used In accord- 
ance with a purpose of use, a block including a laser 
light source and CCD for detecting the light intensity of 
each line can be used in common, and can inexpensive- 
ty be constituted. 

[0093] According to the present invention, there is 
provided a laser microscope for irradiating a samples 
with a laser light constituted of a plurality of oscillation 
wavelengths through an objective lens 1 9, and detecting 
a fluorescent light from the samples, the laser micro- 
scope comprising: an optical fiber 38 for guiding the la- 
ser light; a collimator lens 41 for collimating the laser 
light guided by the optical fiber 38; a beam splitter 42 
for splitting a part of the laser light collimated by the col- 
limator lens 41 ; a spectral resolution section 43 forspec- 
trally resolving the laser light split by the beam splitter 
42; a converging lens 44 for converging the laser light 
spectrally resolved by the spectral resolution section 43; 
a light receiving element array 45 for receiving the laser 
light converged by the converging lens 44; and a con- 
troller 24, 25 for receiving an output signal of the light 
receiving element array 45 and controlling the laser light 
for each oscillation wavelength. 
[0094] Said collimator lens 41 , said beam splitter 42, 
said spectral resolution section 43, said converging lens 
44, and said light receiving element array 45 are formed 
into one block 40, and the block is constituted to be at- 
tachable/detachable with respect to a main body 4 of 
said laser microscope. 

[0095] Additionally, the present invention is not limited 
to the first and second embodiments, and can variously 
be modified within the scope of the present invention in 
an implementation stage. 

[0096] For example, the spectral resolution section in 
the first and second embodiments is not limited to the 
prisms 22, 43, and a diffraction grating or a beam splitter 
may also be used. 

[0097] In order to control the respective laser light in- 
tensities of the plurality of wavelengths to be constant, 
a current value which emits each laser may independ- 
ently be controlled, thereby constantly controlling the re- 
spective laser light intensities of the plurality of wave- 
lengths. 
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[0098] Another control method may comprise dispos- 
ing respective AOTFs in the argon lasers 2, 31 , and he- 
lium neon lasers 32, 33, and controlling the respective 
laser light intensities of the plurality of wavelengths to 
be constant by these AOTFs disposed every laser. 



Claims 

1 . A laser microscope comprising an objective lens, a 
fluorescence detector (13a, 13b, 13c, 13d), and 
means for irradiating a sample by a laser light con- 
stituted of a plurality of emission wavelengths 
through said objective lens, and means for detect- 
ing fluorescent light emanating from the sample, 
characterized by: 

a spectral resolution section (22, 43) config- 
ured to spectrally resolve said laser light by 
which the sample Is Irradiated; 

a light receiving element array (23, 45) config- 
ured to receive the laser light spectrally re- 
solved by the spectral resolution section 

laser-light adjusting means (25) configured to 
adjust the intensity of the laser-light by which 
the sample is irradiated for each of the emission 
wavelengths; and 

a controller (24) configured to control the laser- 
light adjusting means based on an output signal 
of the light receiving element array. 

2. The laser microscope according to claim 1 , charac- 
terized in that said spectral resolution section (22, 
43) Is any one selected from a group including of a 
prism, a diffraction grating, and a beam splitter. 

3. The laser microscope according to claim 1 , charac- 
terized in that said light receiving element array 
(23, 45) comprises either one of a split photodiode 
and a solid image pickup element. 

4. The laser microscope according to claim 1 , charac- 
terized by further comprising an optical fiber (38) 
for guiding said laser light into a laser microscope 
main body (4). 

5. The laser microscope according to claim 1 , charac- 
terized by further comprising an optical fiber (38) 
for guiding said laser light into a laser microscope 
main body (4), wherein said spectral resolution sec- 
tion (22, 43) and said light receiving element array 
(23, 45) are disposed on a light emission side of said 
optical fiber (38). 

6. The laser microscope according to claim 1 , charac- 



terized in that said controller (24) receives the out- 
put signal of said light receiving element array (23. 
45) and simultaneously controls respective light In- 
tensities of the plurality of emission wavelengths of 
5 said laser light to be constant. 

7. The laser microscope according to claim 1 , charac- 
terized in that said controller (24) comprises: 

10 a control unit (24) configured to receive the out- 

put signal of said light receiving element array 
(23, 45) and outputting a control signal for si- 
multaneously setting respective light intensities 
of the plurality of emission wavelengths of said 
laser light to be constant; and 
an acousto-optlcal element (25), disposed on 
an optical path of said laser light, configured to 
receive said control signal outputted from said 
control unit (24) and setting the respective light 
20 intensities of the plurality of emission wave- 

lengths of said laser light to be constant. 

8. The laser microscope according to claim 1 . charac- 
terized in that a converging lens (44) disposed be- 

25 tween said spectral resolution section (43) and said 
light receiving element an-ay (45) and configured to 
converse the spectrally resolved laser lights on said 
light receiving element array for the respective 
emission wavelengths. 

30 

9. The laser microscope according to claim 1 , charac- 
terized by further comprising a beam splitter (21 , 
42) configured to split a part of said laser light and 
guiding the part Into said spectral resolution section 

35 (22. 43). 

10. The laser microscope according to claim 1 , charac- 
terized by further comprising: 

an output fiber (38) configured to guide said la- 
ser light; 

a collimator (ens (41) configured to coilimate 
said laser light guided by the optical fiber; and 
a beam splitter (42) configured to split a part of 
said laser light colllmated by the collimator lens; 
a converging lens (44) configured to converge 
the laser light spectrally resolved by the spec- 
tral resolution section. 

11. The laser microscope according to claim 1 0, char- 
acterized in that said collimator lens (41), said 
beam splitter (42), said spectral resolution section 
(43), said converging lens (44), and said light re- 
ceiving element array (45) are formed into one block 
(40), and the block Is constituted to be attachable/ 
detachable with respect to a main body (4) of said 
laser microscope. 
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Patentanspruche 

1. Lasemnikroskop mit einer Objektivlinse, einem 
Fluoreszenzdetektor (13a, 13b, 13c, 13d) und ei- 
nem MIttel zur Bestrahlung durch die Objektivlinse 
einer Probe mit einem Laserlicht. das aus einer 
Mehrzahl von Emissionswellenlangen gebildet ist, 
und mit einem Mittel zur Erfassung eines von der 
Probe ausgesendeten Fluoreszenzlichts, 
gekennzeichnet durch: 

einen Abschnitt (22, 43) zur spektralen Auflo- 
sung, der ausgelegt ist, urn das Laserlicht, mit 
dem die Probe bestrahlt wird, spektral aufzulo- 
sen; 

ein Lichtempfangselementefeid (23, 45), das 
ausgelegt Ist, um das durch den Abschnitt zur 
spektralen Aufldsung spektral aufgeldste La- 
serlicht zu empfangen; 

ein Laserlichteinstellungsmittel (25), das aus- 
gelegt Ist, um die tntensitat des Lasertichts, mit 
dem die Probem bestrahlt wird, fur jede Wei- 
lenlange einzustellen; und 

ein Regeiungsgerat (24), das ausgelegt ist, um 
das LaserlichteinsteHungsmittel auf derGrund- 
lage eines Ausgangsignals des Lichtemp- 
fangselementefeldes einzustellen. 

2. Lasermikroskop nach Anspruch 1, dadurch ge- 
kennzeichnet, dass der Abschnitt (22, 43) zur 
spektralen Aufldsung ein aus einer Gruppe, die ein 
Prisma, ein Beugungsgitter und einen Strahlteiler 
enthSIt, ausgewShlter Abschnitt Ist. 

3. Lasermikroskop nach Anspruch 1, dadurch ge- 
kennzeichnet, dass das Lichtempfangselemente- 
feid (23, 45) entwedereine geteilte Photodlode Oder 
ein festes Bildaufnahmeelelement umfasst. 

4. Lasermikroskop nach Anspruch 1, dadurch ge- 
kennzeichnet, dass es ferner eine Lichtleitfaser 
(38) zur Fuhrung des Laserlichts in einen Lasermi- 
kroskop-Hauptkorper (4) umfasst. 

5. Lasemiikroskop nach Anspruch 1, dadurch ge- 
Icennzeichnet, dass es ferner eine Lichtleitfaser 
(38) zur Fuhrung des Laserlichts in einen Lasermi- 
kroskop-Hauptkorper (4) umfasst, wobei der Ab- 
schnitt (22, 43) zur spektralen Aufldsung, und das 
Lichtempfangselementefeid (23, 45) auf einer Llch- 
temissionsselte der Lichtleitfaser (38) angeordnet 
sind. 

6. Lasenmikroskop nach Anspruch 1, dadurch ge- 
kennzeichnet, dass das Regeiungsgerat (24) das 



Ausgangssignal von dem Lichtempfangselemente- 
feid (23, 45) empfangt und gleichzeitig jeweilige 
Lichtintensltaten der Mehrzahl von Emissionswel- 
lenlangen des Laserlichts so regett, dass sie kon- 

5 stant sind. 

7. Lasemnikroskop nach Anspruch 1, dadurch ge- 
kennzeichnet, dass das Regeiungsgerat (24) um- 
fasst: 

10 

eine Regelungseinheit (24), die ausgelegt 1st, 
um das Ausgangssignal des Lichtempfangs- 
elementefeldes (23, 45) zu empfangen und ein 
Steuersignal auszugeben, um jeweilige Licht- 
is intensitaten der Mehrzahl von Emissionswel- 

lenlangen des Laserlichts so einzustellen, dass 
sle konstant sind; und 

ein akusto-optisches Element (25), das in ei- 
nem Lichtweg des Laserflchts angeordnet 1st 
20 und so ausgelegt ist, dass es das von der Re- 

gelungseinheit (24) ausgegebene Steuersignal 
empfangt und die jeweiligen Lichtintensltaten 
der Mehrzahl von Emissionswellenlangen des 
Laserlichts so einstelit, dass sle konstant sind. 

25 

8. Lasemnikroskop nach Anspruch 1, dadurch ge- 
kennzeichnet, dass eine Sammellinse (44) zwl- 
schen dem Spektralauflosungsabschnitt (43) und 
dem LIchtempfangselementeabschnitt (45) ange- 

30 ordnet und ausgelegt ist, um die spektral aufgelo- 
sten Laserllchter auf dem Lichtempfangselemente- 
feid fQr Jeweilige Emissionwellenldngen umzukeh- 
ren. 

35 9, Lasemnikroskop nach Anspruch 1, dadurch ge- 
kennzeichnet, dass es femer einen Strahlteiler 
(21 , 42) umfasst, der so ausgelegt ist, dass er einen 
Tell des Laserlichts abspaltet und den Tell In den 
Abschnitt (22, 43) zur spektralen Aufldsung lettet. 

40 

10. Lasenmikroskop nach Anspruch 1, dadurch ge- 
kennzeichnet, dass es ferner umfasst: 

eine A uskopp lungs lichtleitfaser (38), die aus- 
45 gelegt ist, um das Laserlicht zu fiihren; 

eine Kollimatorllnse (41), die ausgelegt ist. um 
das durch die Lichtleitfaser gefuhrte Laserlicht 
zu kollimieren; und 

einen Strahlteiler (42), der ausgelegt ist, um el- 
50 nen Tell des durch die Kolllmatorfinse kollimier- 

ten Laserlichts abzuspalten; 
eine Sammellinse (44), die ausgelegt ist, um 
das durch den Spektralauflosungsabschnitt 
spektral aufgeloste Laserlicht zu bQndeln. 

55 

11. Lasemnikroskop nach Anspruch 10, dadurch ge- 
kennzeichnet, dass die Kollimatorlinse (41), der 
Strahlteiler (42), der Abschnitt (43) zur spektralen 
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Aufiosung, die Sammellinse (44) und das Lichtem- 
pfangselementefeld (45) in einem Block (40) aus- 
gebildet sind, und der Block ist so ausgebildet. dass 
er an dem Hauptkorper (4) des Lasermikroskops 
befestigt und von diesem getrennt warden kann. 



Revendications 

1 . Microscope laser incluant une lentille d'objectif, un 
detecteurde fluorescence (13a, 13b, 13c, 13d), un 
moyen destin6 k irradier un §chantiIlon k I'aide 
d'une lumlere laser constituee d'une plurality de 
longueurs d'ondes d'6mission k travers ladlte len- 
tille d'objectif, et un moyen destind k ddtecter une 
lumi^re fluorescente ^manant de I'^chantillon, 

caracterlse par : 

une section de definition spectrale (22, 43) con- 
flguree pour definir de maniere spectrale ladlte 
lumlere laser qui irradie I'^chantillon ; 
un groupement d'6l6ments de reception de lu- 
mi6re (23, 45) configure pour recevoir la \um\k- 
re laser d^f Inie de mani&re spectrale par la sec- 
tion de definition spectrale ; 
un moyen de r^glage de Iumi6re laser (25) con- 
figure pour r^gler I'intensite de la lumlere laser 
qui Irradie Techantillon pour chacune des lon- 
gueurs d'ondes d'Smisston ; et 
un r^glsseur (24) configure pour commander le 
moyen de r^giage de Iumi6re laser sur la base 
d'un signal de sortie du groupement d'6iements 
de reception de lumi&re laser. 

2. Microscope laser selon la revendication 1 , carac- 
terlse en ce que ladite section de definition spec- 
trale (22, 43) est constituee de I'un quelconque 
choisi d'un groupe incluant un prisme. un reseau de 
diffraction, et un diviseur de faisceau. 

3. Microscope laser selon la revendication 1. carac- 
terise en ce que ledit groupement d'eiements de 
reception de lumiere (23, 45) comprend soit une 
photodiode divisee soit un element de saisie d'lma- 
ge d'une seule pl§ce. 

4. Microscope laser selon la revendication 1 , carac- 
terlse par le fait qu'il comprend en outre une fibre 
optlque (38) destinee k gulder iadite (umiere laser 
dans un corps principal (4) de microscope laser. 

5. Microscope laser selon la revendication 1, carac- 
terise par le fait qu'il comprend en outre une fibre 
optique (38) destinee k guider ladite lumiere laser 

dans un corps principal (4) de microscope laser, 
dans lequel ladite section de definition spectrale 
(22, 43) et ledit groupement d'ei6ments de recep- 
tion de lumidre (23, 45) sont disposes d'un cote 



emission de lumi&re de ladite fibre optique (38). 

6. Microscope laser selon la revendication 1 , carac- 
terlse en ce que ledit regisseur (24) regoit le signal 

5 de sortie dudit groupement d'eiements de reception 
de lumlere (23, 45) et, simultanement, commande 
des intensites de lumiere respectives de la plurallte 
de longueurs d'ondes d'emlsslon de ladite lumiere 
laser pour qu'elles soient constantes. 

10 

7. Microscope laser selon la revendication 1 , carac- 
terlse en ce que ledit regisseur (24) comprend : 

un module de commande (24) configure pour 
IS recevoir le signal de sortie dudit groupennent 

d'eiements de reception de lumlere (23, 45) et 
pour deiivrer un signal de commande servant 
k fixer simultanement des intensites de tumidre 
respectives de la pluralite de longueurs d'on- 
20 des d'emlsslon de ladite lumiere laser pour 

qu'elles soient constantes ; et 
un element acousto-optlque (25), dispose sur 
un trajet optique de ladite lumiere laser, confi- 
gure pour recevoir ledit signal de commande 
25 deiivre par ledit module de commande (24) et 

pour fixer les intensites de lumiere respectives 
de la pluralite de longueurs d'ondes d'emission 
de ladite lumiere laser pour qu'elles soient 
constantes. 

30 

8. Microscope laser selon la revendbation 1 , carac- 
terlse en ce qu'une lentille convergente (44) est 
disposee entre ladite section de definition spectrale 
(43) et ledit groupement d'eiements de reception de 

3S lumiere (45) et est configuree pour faire converger 
les lumieres laser def in les de maniere spectrale des 
longueurs d'ondes d'emlsslon respectives sur ledit 
groupement d'eiements de reception de lumiere. 

40 9. Microscope laser selon la revendication 1 , carac- 
terlse par le fait qu'il comprend en outre un divi- 
seur de faisceau (21 , 42) configure pour diviser une 
partle de ladite lumiere laser et pour guider la partie 
dans ladite section de definition spectrale (22, 43). 

45 

10. Microscope laser selon la revendication 1, carac- 
terlse par le fait qu'il comprend en outre : 

une fibre de sortie (38) configuree pour guider 
so ladite lumiere laser ; 

une lentille de collimatlon (41) configuree pour 
collimater ladite lumiere laser guidee par la fi- 
bre optique ; et 

un diviseur de faisceau (42) configure pour di- 

55 viser une partle de ladite lumidre laser collima- 

tee par la lentille de collimatlon ; 
une lentille convergente (44) configuree pour 
faire converger la lumiere laser definie de ma- 
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ni^re spectrale par la section de definition 
spectrale. 

11. Microscope laser selon la revendication 10, carac- 
terise en ce que ladite lentille de collimation (41), s 
ledit diviseur de fatsceau (42), ladite section de de- 
finition spectrale (43), ladite lentille convergente 
(44) et ledit groupementd'elements de reception de 
lumiere (45) sont formes en un bloc (40), et en ce 
que le bloc est structure pour pouvoir dtre assujetti io 
k un corps principal (4) dudit microscope laser et 
d6solidaris6 de celui-ci. 



15 



20 



25 



30 



35 



40 



45 



50 



55 



10 




11 




12 



EP 1 202 102 B1 



41: ColGmator 
lens 

38b 



45: One- 
dmenstonai I 
CCD 




FIG.3 



13 



